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Abstract 
Recently, product-service systems (PSSs) have begun attracting attention as income-generation options for manufacturers. While many 
researchers have developed design methods and evaluation tools for PSSs and have validated their effectiveness, guidelines for how to use these 
methods and tools in the design process are rare. As a first step for developing guidelines for PSS design, this paper reviews the existing design 
methods and evaluation tools for PSS outlined in the Proceedings of the CIRP International Conference on Industrial Product-Service Systems, 
2009–2013. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the International Scientific Committee of “The 6th CIRP Conference on Industrial Product-
Service Systems” in the person of the Conference Chair Professor Hoda ElMaraghy.  
Keywords: Literature review; Design method; evaluation tools 
1. Introduction 
At the present, companies are struggling to make a profit and 
compete with companies that are selling the same products at 
lower prices because of the cheaper labor in certain countries. 
It is therefore becoming difficult for many manufacturers to 
increase their profits by selling only products [1]. Because of 
this predicament, Product-Service Systems (PSSs) have begun 
to attract attention as options for income generation. Many 
researchers have developed design methods and evaluation 
tools for PSSs and have validated their effectiveness. However, 
guidelines for using these methods and tools in the design 
process are rare. It is therefore difficult for manufacturing 
companies to transition from selling products to offering PSSs. 
As a first step for developing guidelines for PSS design, this 
paper reviews the existing design methods and evaluation tools 
outlined in the Proceedings of the CIRP International 
Conference on Industrial Product-Service Systems, 2009–2013. 
2. Design Perspectives in Product-Service Systems 
PSS is a broad concept, and therefore several definitions 
have been proposed in PSS research: 
A Product Service system (PS system, or product service 
combination) is a marketable set of products and services, 
jointly capable of fulfilling a client's need.  
Goedkoop et al. [2] 
A system of products, services, supporting networks and 
infrastructure that is designed to be: competitive, satisfy 
customer needs and have a lower environmental impact than 
traditional business models.               
 Mont [3] 
Product service (PS): a value proposition that consists of a 
mix of tangible products and intangible services designed and 
combined so that they are jointly capable of fulfilling 
integrated, final customer needs.  
Product-service system (PSS): The product-service 
including the network and infrastructure needed to ‘produce’ 
a product-service.            
Tukker [4] 
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According to these definitions, a PSS is a specific type of 
value proposition that offers a product in combination with a 
service. These products and services are delivered jointly to 
fulfill final customer needs. The delivery process needs to 
include not only the phase of use of the products and/or services, 
but also other customer activities. Therefore, the provider 
requires many resources to compensate for his/her 
responsibilities. In order to prepare these resources, new and 
varying types of actors must be involved as a part of an 
established actor network.  
According to the characteristics described above, this paper 
classifies design method and evaluation tools from six design 
perspectives: customer requirements, value proposition, 
product-service architecture, process, resource, and actor 
network. In the following chapter, these perspectives are 
introduced in detail, followed by a review of each existing 
design method and evaluation tool from each perspective. 
3. Design Methods and Evaluation Tools for Product-
Service Systems 
3.1. Customer requirements 
In the marketing field, Vargo and Lusch [5] stated that value 
is perceived and determined by the customer on the basis of 
“value in use.” In Service Engineering, Shimomura et al. 
defined a service as an activity between a service provider and 
a service receiver that changes the state of the receiver; 
therefore, the receivers’ value is realized when his/her state 
changes to a new desired state [6]. Similarly, the concept of 
PSS also considers the integrated product and service offering 
that delivers value in use [7]. For the realization of value in a 
PSS, therefore, designers need to focus more on customers and 
their requirements instead of pursuing a benchmarking strategy 
determined by a competitor analysis. 
In order to design a PSS on the basis of value in use, many 
researchers have developed methods for determining customer 
requirements that correspond to design requirements. These 
methods extract customer requirements in consideration of the 
internal environment and external environment of a PSS 
provider.  
With regard to the internal environment, for example, 
Müller also composed a checklist of clustered criteria based on 
a comprehensive literature review of product development, 
service engineering, and IT systems [8]. This checklist enables 
designers to retrieve and describe PSS requirements 
systematically. In this checklist, customer requirements are 
extracted from the viewpoints of the object-oriented characters 
and process-oriented characters. The object-oriented characters 
consist of a structure, technical artefact, contract, and so on; the 
process-oriented characters consist of behavior, service, 
lifecycle activities, and so on. 
With regard to the external environment, Ota proposed a 
method for requirement analysis that considers the 
uncertainties caused by environmental factors, such as political, 
social, and technological uncertainties [9]. 
Akasaka also proposed a method that considers both 
perspectives using SWOT analysis. In this method, customer 
requirements are evaluated from the viewpoints of their 
fulfillment level and the Kano classification (upper matrix in 
Fig. 1), and they are then allocated in the SWOT matrix (lower 
matrix in Fig. 1). Based on this information, strategies for 
service improvement are provided [10].  
 
Fig. 1. Requirement evaluation matrix [10]. 
In the context of design, the representation of customer 
requirements is crucial to ensuring that the design process 
meets these requirements. For example, Durugbo applied the 
SysML requirement diagram to product-, use-, and result-
oriented PSSs [11]. 
3.2. Value proposition 
 Table 1. Evaluation perspectives for value proposition. 
 value cost 
Alix 2009 [12] - Expected function 
- Perceived quality 
- Price 
Panarotto 2012 [13] - Emotions 
- Knowledge 
- Experience 
- Transition costs 
Kimita 2009 [14] - Functions for customer 
requirements 
- Direct costs 
- Indirect costs 
Hosono 2010 [15] - Required functions - Non-functional 
requirements 
 
For the determination of a value proposition, as shown in 
Table 1, many researchers evaluate a value proposition from 
the viewpoints of value and cost in the same manner as 
conventional value engineering. However, in PSSs, providers 
can only offer value propositions, since the value of a PSS is 
always determined by the customers. Therefore, these methods 
are evaluated value in consideration of customers’ perspectives. 
Alix extended conventional value engineering to consider 
the intangible aspects perceived by customers [12]. In this 
method, value is evaluated by functions that customers expect 
and qualities that customers perceive in the PSS. Panarotto also 
focused on the intangible values: emotions, knowledge, and 
experience [13]. Kimita evaluated the importance of PSS 
functions’ influence on customer requirements [14].  
With regard to costs that are consumed to realize the value, 
Alix also evaluated cost from the viewpoint of the customer 
(i.e., price) [12]. Panarotto focused on the transition cost that is 
required in the preparation to realize a PSS [13]. Kimita 
evaluated the PSS delivery cost with regard to both the direct 
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and indirect cost [14]. Hosono proposed a method for 
evaluating a value proposition from the viewpoint of non-
monetary cost. In this method, service functions are evaluated 
from the viewpoint of nonfunctional requirements that 
contribute to the maturity of the system, such as the 
performance of the response speed, reusability, reliability, and 
so on [15]. 
3.3. Product-service architecture 
In product design, the product architecture is defined as the 
scheme by which the function of a product is allocated to 
physical components [16]. In the same manner as products, the 
architecture of PSS can be defined from the viewpoint of the 
relationship between the functions and components. However, 
PSS components vary from physical products to nonphysical 
products, including human resources, organizations, and the 
ICT system. Therefore, it is helpful for designers to utilize the 
existing design knowledge on product-service configurations. 
Many researchers proposed methods to support designers in 
determining the product-service architecture. Approaches that 
support designers can be classified into two types: supporting 
idea generation and utilizing existing knowledge. 
For supporting idea generation, Herzog proposed a teaching 
approach that helps engineers to avoid thinking about separate 
service and product domains [17]. Köster proposed a game-
storming approach for the allocation of PSS functions to 
components, such as hardware, software, humans, and 
organizations [18]. 
 
 
Fig. 2. Classification of technologies using the SOM [21]. 
For utilizing existing knowledge, Chen proposed a method 
to identify problems in a PSS using a function analysis. This 
method also provides possible solutions for identified problems 
based on the existing PSS cases [19]. Nemoto developed a 
knowledge-based design support system for idea generation 
[20]. Kimita utilized a self-organizing map to classify various 
business technologies from the viewpoint of customer needs 
[21]. In this method, each technology is associated with 
customer needs that could possibly be fulfilled by technology; 
similarities among technologies are evaluated according to the 
dimensions (i.e., the customer needs). Each technology is 
therefore located on the map: similar technologies are close to 
each other and dissimilar technologies are far from each other. 
As the final step in the classification of the technologies, 
clusters of technologies—in which technologies in the same 
clusters share the same color—are identified on the map (see 
Fig. 2). Akiyama utilized the concept of TRIZ to enable 
designers to determine existing conflicts in design solutions 
and to obtain basic strategies for solving them [22]. 
Mannweiler proposed a method for lifecycle cost evaluation in 
order to select a suitable PSS configuration that consisted of 
physical and nonphysical components [23]. He also provided 
an approach for generating an architecture for PSSs, including 
functional and physical modularization and a mapping of 
functional modules to physical modules [24]. 
3.4. Process 
For determining processes that deliver value to customers, 
many researchers developed methods that evaluate the 
productivity of a process. In PSSs, however, customers 
participate in creating value through the process of 
coproduction [5]. Designers, therefore, need to consider the 
customers’ activities in the process design. As shown in Table 
2, these evaluations considered customer’s perspectives in 
addition to the traditional evaluation criteria used in the 
evaluation of the product production process, such as time and 
cost. 
Table 2. Evaluation perspectives for the PSS process. 
 Evaluation perspectives 
Hara 2009 [25] - Influence on customer requirement 
- Degree of customer participation 
Tateyama 2012 [26] - Customer satisfaction 
- Dispersion of offering cost 
Waltemode 2012 [27] - Fulfillment of customer requirement 
(potential, process, result quality) 
- Resource consumption for production factors 
Petz 2013 [28] - Potential, Process, Outcome 
Durugbo 2009 [30] - Efficiency of information generation 
- Requirement fulfillment for information 
- Efficiency of information usage 
 
For example, Hara developed a model that describes a 
delivery process from the viewpoint of function, human 
activities, and product behaviors. This model enables designers 
to evaluate a delivery process according to customer 
satisfaction [25]. Tateyama proposed a multi-agent service 
flow simulation using the scene transition net so that designers 
could evaluate customer satisfaction during the provision of a 
service [26]. Waltemode proposed a process-oriented 
understanding of service productivity and developed a 
framework for analyzing and assessing service productivity 
that considers the relationship between customer requirements 
and production factors [27]. Petz developed a comprehensive 
model for the assessment of PSS productivity along the service 
provision chain that considers value drivers, addressing both 
providers and customers [28]. 
Due to the participation of customers, providers need to 
improve the PSS delivery process continuously. For process 
improvement, information flow is an essential part of the 
process design. Kundu extended the traditional service 
blueprint to consider the three types of service information 
required to deliver a PSS: input information, process 
information, and output information [29]. Durugbo applied the 
information engine to PSSs in order to represent information 
flow in a PSS and to make recommendations about 
improvements by measuring efficiency [30].  
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3.5. Resource 
In order to achieve a successful PSS, the actors involved in 
the PSS are obliged to extend their responsibilities. This is 
because, with respect to value creation, providers need to 
construct systems that observe customers’ needs and establish 
networks that share relevant information. In addition, from the 
viewpoint of environmental issues, providers need to establish 
proper organizations for managing a product’s lifecycle, such 
as for reusing, remanufacturing, and recycling. They also need 
to educate customers with regard to the efficient use and proper 
disposal of products. In order to compensate for these extended 
responsibilities, providers require the preparation of many 
resources. The strategy for resource allocation, therefore, plays 
an important role in the efficient realization of a successful PSS. 
Strategies for resource allocation can be divided into two 
perspectives: customers and providers. This is shown in Table 
3. 
Table 3. Perspectives for strategies of resource allocation. 
 Customer Provider 
Akasaka 2012 
[31] 
- Requirement 
fulfillment 
 
Chalal 2012 
[32] 
- Service quality 
(maintenance, 
service delay) 
- Capacity load 
Alix 2010 
[34] 
 - Internal and external environment 
- Influence on income 
Lanza 2011 
[33] 
 - Offering cost 
˄number of service technicians˅ 
Meier 2013 
[36] 
 - Expected experience of the 
technician   
 
With regard to the customer’s perspectives, Akasaka 
proposed an engineering method for optimizing resource 
allocation using a genetic algorithm [31]. Chalal provided a 
PSS production system model for managing capacity from the 
viewpoints of the strategic decision level and the operational 
decision level [32].  
 
 
Fig. 3. Method for resource allocation at optimal costs [34]. 
With regard to provider’s perspectives, on the other hand, 
Lanza proposed a simulation method for estimating the cost of 
the optimal allocation of service technicians and the amount of 
technical units [33]. As shown in Fig. 3, service costs were 
evaluated per assembly in the field and considered the extent 
of service technicians. As a result, the allocation of resources 
at optimal cost could be found. The resources required in the 
process were not only monetary, but also included competence, 
knowledge, and capacity. For example, Alix proposed a 
method for analyzing new product-service developments using 
a project management–centric view that allows a provider to 
adhere to the firm’s core competencies and knowledge [34]. 
Schuh developed a structural model that consists of a result 
layer, process layer, and resource layer. This model allows a 
qualitative and quantitative description of the service resource 
allocation that enables a provider to build the competency 
required to meet customer requirements [35]. Meier proposed 
a method for estimating the dynamic influences on the capacity 
requirements of the service technician workforce for the PSS 
delivery [36]. 
3.6. Actor network 
In order to compensate for the various resources required in 
a PSS, new and varying types of actors must be involved [3]. 
To compensate for these resources, the construction of an actor 
network plays an important role in the PSS design. 
In order to construct a successful actor network, Watanabe 
proposed a cooperative process modeling method to describe 
both detailed interactions among stakeholders and the overall 
service process for the design of PSSs and services. Based on 
this model, general cooperation patterns were introduced to 
redesign and improve the service process [37]. Nemoto 
developed a knowledge-based design support system for 
identifying actors based on design elements, such as needs, 
functions, and entities [38]. 
To construct an actor network, designers need to consider 
the benefits and risks among the stakeholders involved in the 
network. Neugebauer revealed the important factors for an 
organization to consider while evaluating, developing, 
implementing, and operating a PSS strategy [39]. Akasaka 
developed a simulation-based design method for realizing the 
simultaneous consideration of values received by stakeholders 
[40]. With regard to risks, Bohr proposed a method for 
identifying the causes and main drivers of internally induced 
product piracy risks for spare parts [41].  
In addition, these actors have to cope with dynamic changes, 
such as resources, market demands, changing customer 
requirements, and continuous improvements arising from 
gained knowledge [42]. The actors, therefore, need to have the 
adaptability to compete within these changes. Schweitzer 
analyzed the demands on the organizational and operational 
structure of the value creation network in order to enable a PSS 
provider to implement a continuous PSS improvement process 
based on customer feedback [43]. Averbeck proposed a 
reference information model that supports the specification of 
information flow and provides a coordination mechanism 
between actors involved in a PSS [44]. Rese provided a major 
capacities of PSS suppliers in order to determine the flexibility 
of their business models [45]. 
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4. Discussion 
As mentioned above, several design methods and evaluation 
tools have already been developed. While these methods and 
tools are useful for determining ideal PSS business, designers 
also need to consider the conceivable barriers to making a 
transition from the current business to the ideal PSS business. 
These barriers can be classified as providers’ barriers and 
customers’ barriers. 
With regard to providers’ barriers, manufacturers are 
concerned with the increasing risks resulting from the adoption 
of new pricing policies, the lack of expertise in designing and 
delivering services, and the change management of the 
organization [46]. PSS providers need to change their business 
model from short-term profit realization (selling products) to 
medium- and long-term profit realization (leasing, renting, and 
sharing products) [3]. These business models have 
uncertainties with regard to cash flow [47]. In addition, small 
and medium-sized enterprises (SMEs) would be unable to 
finance these business models, since they do not have enough 
financial resources [48]. While several cost estimation methods 
have been proposed at present, such as [33],[34], future work 
includes the estimation of medium- and long-term profit that 
considers future uncertainties. Other providers’ barriers may 
arise with regard to employees’ satisfaction and motivation if a 
manufacture rents products. This business model forces 
employees to focus on reusing only parts of old products, which 
therefore reduces opportunities for developing new products. 
This situation results in decreased employee satisfaction and 
motivation [48]. In order to realize a successful PSS, therefore, 
new methods are required that consider not only customer 
satisfaction but also employee satisfaction and motivation. 
With regard to customers’ barriers, barriers may occur if 
customers are not enthusiastic about ownerless consumption, 
as opposed to owning a product [46],[47]. Another barrier is 
the lack of knowledge about receiving PSSs. For example, with 
regard to life cycle costs, it difficult for customers to 
understand the economic advantages of ownerless based PSSs 
[47]. While several methods have been proposed to extract 
customer requirements and determine value proposition, future 
works include evaluating advantages of ownerless based PSSs 
in consideration of customers’ knowledge. 
5. Conclusion 
As a first step in developing guidelines for PSS design, this 
paper has reviewed the existing design methods and evaluation 
tools from six design perspectives: customer requirements, 
value proposition, product-service architecture, process, 
resource, and actor network. 
Future work includes developing guidelines for PSS design. 
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